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s THE telescope has provided man with A the ability to see distant objects and 
the microscope has allowed him to see 
things that are ever smaller, so a new tool, 
the general purpose digital computer, has 
become a means for extending his intellec- 
tual powers to see the relationship among 
many things and to reduce this relationship 
to significant generalities in a short time. 
Because of the complexity of living things 
with which a doctor must deal, perhaps no 
profession stands to gain more from the use 
of this tool than medicine. It provides the 
key by which we may reduce the art to a 
science and, in the process, eliminate that 
which is useless and unnecessary in the 
practice of medicine, and through automa- 
tion extend to everyone the benefits of new 
knowledge when acquired. In this presenta- 
tion I hope to convince you of the truth of 
these general statements by describing our 
experiences in the development of a com- 
puter-based patient-monitoririg system. 
In 1952, in the laboratory of Dr. Earl 
Wood at the Mayo Clinic, we developed a 
method for calculating stroke volume from 
the contour of a central arterial pressure 
waveform.’ Not only has this method be- 
come the core of our physiological monitor- 
ing system, but it was through work with a 
project growing out of this study that I 
first became aware of and interested in com- 
puters as a tool for physiologic research. I 
will briefly describe the sequence of this in- 
volvement since I think it illustrates well 
the way in which computers can provide not 
just numbers but insight: 
Early Studies of Waveform-In the de- 
velopment of the pressure pulse method of 
stroke volume estimation just referred to, it 
was assumed for purposes of simplification 
that a pressure wave is transmitted from the 
root of the aorta peripherally without dis- 
tortion. As a matter of fact, the wave is 
distorted, with some increasing amplitude 
of peak systolic pressure as it moves 
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outward and with the development of one or 
more secondary oscillations in diastole. In 
an attempt to understand this phenomenon, 
I assumed the waveform was a repetitive 
phenomenon which could be reduced to a 
Fourier series and represented by a funda- 
mental and harmonics of particular ampli- 
tudes and phase relationships. 
Hand calculation of a Fourier series rep- 
resentation of an arterial pressure wave is a 
tedious process. One day, having completed 
such an analysis on a central and peripheral 
arterial waveform from the same heart beat, 
I plotted the ratio of the downstream am- 
plitude to the upstream amplitude-that is, 
the relationship of the output to the input- 
for each frequency, and noted that this 
ratio was 1 for the fundamental but in- 
creased to approximately 1.5 at 41/2 cps, 
and then fell to a very small fraction by 10 
cps. Such a plot is called a transfer func- 
tion, and this transfer function of a segment 
of artery resembled the transfer function of 
a tuned circuit in that the system was trans- 
ferring certain frequencies much more read- 
ily than others. This observation suggested 
the possibility of building an electric cir- 
cuit which could mimic the behavior of the 
artery. Such a circuit was constructed and 
tested in the following way: 
Development of Waveform Visualization 
---Simultaneous measurements were made 
of the central aortic pressure and the pe- 
ripheral artery pressure, using strain gauge 
transducers. The output of the transducer 
recording central aortic pressure was a volt- 
age proportional to this pressure and was 
used as the input voltage to the tuned cir- 
cuit. The resonant frequency and damping 
coefficient of the circuit was then adjusted 
until the output waveform from the tuned 
circuit resembled as closely as possible the 
output waveform from the arterial system. 
These two waveforms were displayed con- 
tinuously on a dual-beam oscilloscope for 
comparison. When the circuit was generat- 
ing the same waveform as the artery; with 
both systems having the same input, the 
parameters of the circuit could be used to 
describe the corresponding parameters of 
the artery.2 
A study on approximately 80 patients 
showed that the resonant frequencies so de- 
termined had a correlation with age of 0.68 
and ranged from 3.5 cps at age 20 to 7 cps 
at age 70.3 This was our first experience 
with a special-purpose analog computer and 
stirred an interest in computers which has 
dominated the activities of our laboratory 
over the past 12 years. 
Now let me describe the method for esti- 
mating stroke volume from the central aor- 
tic pressure wave, which plays such a cen- 
tral role in our computer-based monitoring 
system. 
Analysis of Stroke Volume-Stroke vol- 
ume may be divided into two parts: That 
which runs out of the arterial bed during 
systole, the systolic drainage, and that 
which remains in the arterial bed at the end 
of systole to run off during the subsequent 
diastole, the diastolic drainage. On the as- 
sumption that the pressure wave travels un- 
distorted down the system, it is possible to 
estimate the pressure at each point down 
the system at the onset of systole and at 
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FIG. 1. Central arterial pressure wave, showing key points used in stroke volume calculation. 
the end of systole by examining points back 
on the central waveform, a distance propor- 
tional to the time required for the wave- 
form to be transmitted from where it is 
recorded in the central aorta to the site of 
interest (fig. 1) .  Here the arterial system is 
arbitrarily defined as the length of aorta 
over which the wave would travel in 80 
msec. 
The stored volume, or diastolic drainage, 
is proportional to the difference in pressure 
integrated over this 80-msec. segment before 
and at the end of systole, if the pressure is 
proportional to the volume in the range of 
the pulse pressure being recorded. This pro- 
portionality constant is determined once in 
each individual by measuring cardiac out- 
put by an independent method, since aortic 
properties, both size and distensibility, vary 
greatly from one individual to the next. 
A second constant, relating pressure to 
flow, need not be determined explicitly. 
Since this cancels out in the equation, all 
that is required is the ratio of flow in systole 
to flow in diastole. Thus, the method is in- 
dependent of changes in peripheral resist- 
ance. 
Figure 2 shows a cross-plot of cardiac 
output measured by the pressure pulse 
method beat-by-beat compared against the 
cardiac output determined from beat-by- 
beat measurements, using an electromagnet- 
ic flowmeter on the ascending aorta of a 
dog. During these measurements, the dog is 
standing on a treadmill and is subjected to 
a variety of stresses, including exercise and 
infusion of vasopressors and vasodilators 
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FIG. 2. Cross-plot of beat-by-beat cardiac output 
values measured by flowmeter and by pressure pulse 
method. 
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FIG. 3. Equipment for communicating with the 
computer from a remote site. 
through a catheter in the descending aorta. 
Correlation between the two methods is 
0.97.4 
Although beat-by-beat comparisons against 
a flowmeter could not be made in humans, 
mean values of cardiac output by the pres- 
sure pulse method were compared against 
cardiac output by the dye method, which re- 
quires 20 to 30 seconds. The dye method 
was used to calibrate the pressure pulse 
method with the patient at rest; then nor- 
epinephrine was infused intravenously to 
elevate the arterial pressure, and measure- 
ments were also made during exercise. The 
agreement between the two methods was as 
good as the agreement between repeat de- 
terminations by the dye method. 
Contributions of Computer-The experi- 
ments just described would not have been 
possible without the computer. I t  was nec- 
essary to develop a method for performing 
these calculations beat-by-beat that was not 
only faster than the manual method but 
also more accurate and objective. This is 
now accomplished by feeding the output 
voltage from a strain gauge pressure trans- 
ducer to an analog-to-digital converter. This 
device converts this electric signal to a 
number proportional to the magnitude of 
the voltage, 200 times per second. 
A program has been written for the Con- 
trol Data 3200 computer which permits it 
to accept continuously this string of num- 
bers, examine the sequence of numbers to 
determine the beginning and end of systole 
011 each heart beat, and carry out the cal- 
culation indicated earlier in the equations 
presented. The answers are then displayed 
by the computer on an oscilloscope through 
the use of a 2-channel digital-to-analog con- 
verter which controls the X and Y axis of 
the oscilloscope to generate graphs, letters, 
and numbers on its face. Thus, the loop is 
closed, allowing the experimenter to connect 
his transducer direct to a system and re- 
ceive back from that system the derived 
data he desires. 
Figure 3 shows the remote station through 
which the experimenter communicates with 
the computer. This is built around a Tek- 
tronixB memory oscilloscope, which is used 
as the display device. The program is con- 
trolled through a 4-digit octal switch and a 
12-digit decimal keyboard. Pressing any 
button causes the computer to be interrupt- 
ed to interpret the code sent by that key. 
A series of eight lights is provided to in- 
form the operator of the computer status 
and the status of his program. 
Design of a system for servicing physio- 
logic needs presents some interesting prob- 
lem.  Computing speed is essential to ac- 
complish certain tasks and yet, on the other 
hand, some physiologic events occur very 
slowly compared to the computing time re- 
quired to keep up with them. Thus, if the 
user is to have the computer when he needs 
it for this kind of work, it is necessary, if a 
computer is to be used efficiently, that a 
system be devised for rapid switching among 
programs. Such a scheme, called time-shar- 
ing, has been implemented on the Control 
Data 3200 at the Latter-day Saints Hos- 
pital in Salt Lake City. 
The Time-sharing Monitor - The time- 
sharing monitor, called MEDLAB,5 resides 
in the memory of the central computer 
which, in turn, communicates with a variety 
of peripheral devices. Programs or instruc- 
tions are entered into the computer initially 
through a card reader and are then stored 
on magnetic discs from which they can be 
called into memory from any of the remote 
stations. Data on patients in the hospital 
are stored on magnetic discs also for ready 
access. When a patient is discharged, his 
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FIG. 4. Information displayed to operator within 
tion of indocyanine green dye. 
record is copied onto a library tape, where 
it is stored permanently. Program listings 
and reports are generated on a high-speed 
printer at the rate of 1000 lines per minute. 
The analog-to-digital and digital-to-ana- 
log conversion system forms the basic link 
to the remote stations. Presently there are 
19 remote stations in five different hospitals 
attached to our system. To each of these 
users operating from his remote station, the 
computer appears to be under his command 
and he can operate essentially independent- 
ly of other users on the system. 
The 32,000 words of core memory are allo- 
cated as follows to accommodate multipro- 
gramming: In the top 5000 words of mem- 
ory is the monitor program, which contains 
not only the instructions that control switch- 
ing among the programs in memory, swap- 
ping of programs in and out of memory, and 
sampling of data, but also a set of re-entrant 
subroutines which can be used by any of the 
user programs to accomplish such tasks as 
writing on the oscilloscope, converting num- 
bers from binary to decimal, and inserting 
answers into messages. This latter function 
considerably reduces the programming the 
user must do to accomplish his goals. 
From four to six real-time programs (up 
to 2000 words in length for any one over- 
lay), which are actively sampling data, may 
be in memory at any one time, and pro- 
1 second after completion of sampling following injec- 
grams not sampling may be swapped onto 
discs temporarily while other programs are 
being run. The lower part of core memory 
is reserved for compilation and assembly of 
new programs and execution of Fortran pro- 
grams, which may or may not communicate 
with the real-world through one of the re- 
mote stations; those that do carry a higher 
priority than those that do not, in the se- 
quence in which jobs are executed. The or- 
ganization of data on the magnetic discs, 
whether from experimental animals or pa- 
tients, follows a common format. 
Compilation of Data-This file organiza- 
tion is designed to provide for addition of 
new types of information in the future and 
still maintain a basic format, so that the 
same search, edit, and analysis programs 
can be shared by a wide variety of users. At 
the start of each file is a count which keeps 
track of how many entries are currently in 
the file and where the next word of data is 
to be stored. Entry of a field of data is pre- 
ceded and ended by a code which uniquely 
defines the kind of data and the number of 
data words in the field. The second word is 
the time and date, read automatically by 
the computer from an external clock when 
the entry is made. Thus, any user may de- 
fine a new field of any length and add it to 
this file. 
Examples of Data Code-A general pro- 
gram has been written for introducing a 
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variety of physiologic measurements into the 
computer, which is now in use in several 
diagnostic heart-catheterization laboratories 
connected to our system. This permits the 
user to initialize a file on a patient and call 
a variety of subprograms to analyze data in 
any sequence. To do this, a 4-digit rotary 
switch on the remote console is used. The 
first digit indicates the type of analysis to 
be performed. For instance, 0 is an oxygen- 
saturation measurement, 1 is a pressure 
wave, 2 is a dye curve, and so forth. The 
second digit indicates the state of the pa- 
tient. For instance, 0 means the patient is at 
rest, breathing room air, 3 means the pa- 
tient is breathing oxygen during exercise, 
and so forth. The last two digits are used to 
indicate the position of the catheter tip in 
the circulation. 
The operator dials the desired code and 
presses the interrupt. The code is interpret- 
ed by the computer and this interpretation 
is presented back on the oscilloscope for 
confirmation by the operator. If one or more 
of the digits was in error, the code is re- 
dialed and sent again. Until the same code 
is sent twice, the program will not proceed. 
When the data are on the line, (for instance, 
the pressure to be measured appears free of 
artifact) the interrupt is pressed once again, 
and the analysis begins. The results are dis- 
played back immediately to the operator, 
who may choose to discard the data or save 
t,hem by writing them on the disc to be in- 
cluded in a later report. 
Figure 4 shows the presentation made on 
the oscilloscope to the operator upon com- 
pletion of analysis of an indicator-dilution 
curve. At the bottom is the recorded curve 
plotted back as milligrams per liter and 
superimposed on this, the experimental ex- 
trapolation carried out by the computer, so 
that the operator has some means for evalu- 
ating the adequacy of the analysis. 
At the top are the calculated values: car- 
diac output is 4.16 L./min. “M.I.” is the 
mitral insufficiency index, which should be 
1 or greater in a normal subject, and meas- 
ures the skewness of the curve; this is a 
useful empiric index for the presence of 
mitral insufficiency in the absence of a left- 
to-right shunt. Next are shown Appearance 
Time, Buildup Time, Mean Circulation 
Time, and Central Blood Volume. At any 
time during the procedure and at  the end 
of the procedure the operator may review 
and edit the data accumulated on the disc. 
Figure 5 shows one page of data presented 
on the face of the oscilloscope. The “1” on 
the first line indicates that the patient is 
exercising and an oxygen saturation reading 
of 101 was obtained with the catheter tip 
in the “wedge” position. The next reading 
is a measurement of pressure in the pul- 
monary trunk, with the systolic, diastolic, 
and mean pressures shown. At the bottom 
is a cardiac output measurement by the dye 
method. 
Pressing a zero causes the next page of 
data to be presented on the oscilloscope. 
Values may be deleted or altered by the 
operator, who may request any number of 
copies of a printed report upon completion 
of his editing, including a computer-gener- 
nted summary of the abnormalities present. 
Thus, before the catheter is removed from 
the circulation, the data are completely an- 
alyzed, and if any question exists about the 
significance of some of the data, repeat 
measurements can readily be made. A direct 
extension of these technics is their applica- 
tion in the operating room and at  the bed- 
side. 
Example of Clinical AppEication-On the 
afternoon before his surgery, the patient is 
taken to a special laboratory equipped with 
a remote computer station, where a tiny 
central aortic pressure catheter is introduced 
by a technician. Using a special armboard” 
- 
*SAFLEX@, Romney Engineering & Manufacturing 
Company. Salt Lake City, Utah. 
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FIG. 6. Remote console located at  nurse’s station in the intensive care ward 
which is floor-mounted and can be posi- 
tioned next to any type bed or table, the 
patient’s wrist is extended and local anes- 
thetic is introduced around the radial artery. 
Then a thin-walled 18-gauge needle, con- 
nected by a special catheter assembly” to 
a strain gauge manometer, is introduced into 
the artery percutaneously by a technician 
while she visually observes the pressure 
waveform on an oscilloscope. 
When the needle enters the artery, the 
solid plastic casing surrounding the catheter 
is withdrawn, automatically advancing the 
catheter up the artery to the subclavian. No 
fluoroscopic control is needed, since the 
catheter will not pass beyond this point, 
due to the sharp angulation of the artery 
and the rigidity of the catheter. When this 
point is reached, the pressure wave disap- 
pears and the catheter is withdrawn 2 cm., 
where it remains for the rest of the study. 
The needle is withdrawn from the artery 
over the catheter and control measurements 
are performed. 
A cardiac output determination may be 
made by injecting dye into the antecubital 
vein and sampling through this needle prior 
to introduction of the catheter. However, in 
many patients, since changes in cardiac out- 
put are of primary interest, no absolute cali- 
- 
*Sorenson Research Company. Salt 1,ake City. Utah. 
bration against the dye method is per- 
formed. On completion of the control stud- 
ies, the catheter is removed from the strain 
gauge, filled with heparin, and dead-ended. 
The catheter assembly is then taped to the 
forearm and the patient is returned to his 
room. These catheters have been left in 
place as long as 10 days, and in over 400 
such procedures, most of which have been 
done by technicians, no significant compli- 
cstions have resulted. 
The next morning the patient goes to sur- 
gery, where his catheter is once again con- 
nected to a pressure transducer at a remote 
station in the operating room. Pressure cali- 
bration is repeated by sampling the strain 
gauge output when it is exposed to 0 and 
100 mm. Hg pressure from a mercury man- 
ometer through a saline flush system. From 
that point on, the anesthesiologist can ob- 
tain a measurement of pressure, stroke vol- 
ume, heart rate, cardiac output, and resist- 
ance by merely pressing an interrupt button 
0 1 1  the console a t  his side and have the re- 
sults displayed back to him on thc oscillo- 
scope of that console. 
Other programs developed by Dr. Wil- 
liam M. Stauffer, in our laboratory, permit 
the anesthesiologist to enter other pertinent 
information during the course of the proced- 
ure, such as drugs administered and com- 
ments about the patient, which become part 
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tole ( S I ) U K ) ,  resistance tRST), systolic pressure 
(SY-1') and diastolic pressure (DI-P) measured 
from central aortic pressure waveform on 64 heart 
cycles. Mean venous pressure ( V P ) ,  respiratory 
wniplitude ( H A ) .  and respiratory rate (RK1 are  
derived from c.entral venous pressure signal. 
o f  the computer-based record and can be 
printed out at the end of the operation in 
the form of an integrated anesthesiology 
I word on this patient. 
After surgery, the patient is taken to a 
G-bed intensive care ward which contains a 
rcimote console, as shown in figure 6. 
At the top of this figure is shown a stand- 
ard remote computer input station with its 
memory oscilloscope, 4-digit switch, and 12- 
key decimal keyboard. This scope can be 
used both for computer writeout and for 
direct display of pressure or electrocardio- 
graphic waveforms from any bed. At the 
bottom is a second unit containing a bank 
of lights and a row of pushbutton switches 
used to indicate the bed from which wave- 
forms are to be displayed. There are three 
lights for each of the six beds. The green 
light indicates the computer is actively sam- 
pling data from that bed. The red and yel- 
low lights are used to alert the nurse that 
n change has occurred in the patient occu- 
pying that bed. 
To initiate a monitoring schedule on a 
patient, the nurse or doctor presses the call 
button and then indicates the bed number 
by pressing the corresponding number on 
the decimal keyboard. The computer dis- 
plays a list of options, one of which is to 
initialize a schedule on the patient. When 
the nurse presses the number corresponding 
to this option, the computer will sample the 
next 64 heart beats on that patient, deter- 
mine the mean value and standard error 
(S.E.) of the mean of each of the variables 
calculated from the central aortic pressure 
pulse, as shown in figure 7. 
In the first column are the mean values 
and in the second column, the S.E. of the 
mean which then serves as a basis for judg- 
ing subsequent measurements on that pa- 
tient. If any subsequent measurement ex- 
ceeds the expected mean value for any vari- 
able by >3  S.E., a red light turns on. 
More subtle changes may be detected if  
they are systematic. If, for instance, stroke 
volume differs from its expected mean value 
by 1 S.E. in the same direction on three 
successive measurements, a trend is estab- 
lished and a yellow light turns on. When a 
red or yellow light appears, the nurse or 
doctor can press that light. which is also an 
interrupt switch, and cause the computer to 
display an interpretation of that light back 
011 the memory oscilloscope, as shown in 
figure 8. 
In this case (fig. 8 ) ,  the variable furthest 
out of tolerance is diastolic pressure. The 
last value, measured at 18:06, was 104 mm. 
Hg, while the baseline value was 88 mm. 
B E D  3 
D I  P 
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1 0 4  
8 8  
B A S E  1 8 ,  2 
1 E X P L A I N  
2 R E V I E W  
3 I G N O R E  
4 N E W  B A S E  
5 W A V E S  
FIG 8. Message displayed when the  nurse presses 
red light to explain physiologic variation in a 
patient. 
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FIG. 9. Oscilloscope display under a review data 
option of program, showing two sets of readings 2 
minutes apart for comparison. 
Hg. To explain this rise in diastolic pres- 
sure, the nurse may choose option 1, allow- 
ing her to enter clinical information which 
she thinks might be pertinent to the physi- 
ologic observation. This is entered by indi- 
cating whether it is a procedure, a condi- 
tion, or medication. Following this, an ap- 
propriate list under each of these categories 
is presented and the nurse once again 
chooses her specific entry from that list. 
This information is then stored on disc as 
part of the patient’s record for later corre- 
lation with the physiologic information. 
By pressing option 2, the nurse can re- 
view the course of the patient over any 
arbitrary period of time. Under this option, 
the data are presented as shown in figure 9. 
The first column of numbers are the values 
for each of the variables measured at 17:37, 
and the second column are the values meas- 
ured 2 minutes earlier. The user can page 
forward or backward, displaying values in 
this fashion to obtain information as to the 
time-course of events leading up to the 
physiologic change. 
Any data that differ significantly from 
the baseline values are saved in the pa- 
tient’s file. The scheduling of measurements 
is done by the computer through an algor- 
ithm, which adjusts the interval between 
samples according to how stable the patient 
is. For example, if the patient is doing 
well, the interval between samples is made 
longer up to a maximum of 16 minutes, but 
if a change occurs in the patient’s condi- 
lion, that interval is shortened to 2 minutes 
on the next reading. 
Another way in which the data may be 
reviewed by the nurse or doctor is to request 
a plot on the oscilloscope of the time-course 
of one or more variables over a time inter- 
val requested by the user. Still another 
available aid for interpretation of physio- 
logic change is provided through an option 
which permits the time-course of arterial 
pressure averaged over 16 heart beats at the 
time of the last measurement to be dis- 
played on the oscilloscope and superim- 
posed on the waveform recorded at the time 
of the baseline measurement. Changes in 
contour of these waveforms have provided 
useful information in detecting conditions, 
such as blood loss, at an early stage. 
At the end of each 8-hour shift, a sum- 
wary report is printed for each patient 
showing the mode values of each variable 
and the comments entered by the nurses. 
When a patient is discharged from the ward, 
his data are copied from disc to library 
tape and saved for subsequent analysis. 
Effects on Personnel-It is interesting to 
reflect on the changes that have occurred in 
the attitudes and goals of the people in- 
volved in this project. Initially it was hoped 
that the computer monitoring, by relieving 
the nurse of some routine measurement 
duties, might provide her with some free 
time, and thus decrease the number of 
nurses required to care for these patients. 
However, this has not been the case. Even 
though the nurse is relieved from some of 
her monitoring and recording duties, she is 
busier than ever, as is the doctor. The rea- 
son for this lies in the fact that they now 
know much more about their patient, and 
are forced to make many more decisions 
than before when they were, to a greater 
extent, in the dark about what was going on 
physiologically. 
Even though the physiologic data are 
screened to present only that information 
which indicates a statistically significant 
physiologic change, the job of interpreting 
this change and the intellectual task of de- 
ciding what to do about it is one we are not 
as yet qualified to perform well. Even with 
2 years experience with this system, many 
situations still arise which not only the 
nurse but also the doctor have difficulty in 
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interpreting. It is for this reason that we 
are accumulating, in parallel with the physi- 
ologic data, as much clinical information as 
possible, in the hope that in time we will 
develop sufficient correlative information to 
permit the computer to assist us in more 
accurate interpretation of the clinical mean- 
ing of the data with which we deal. 
Although the monitoring system is con- 
t inually evolving to include additional vari- 
ahles such as pH, pCO,, and PO,, which 
were recently added, even a t  this point in 
time it has proven its usefulness and does 
contribute to better patient care. Perhaps 
the best evidence of this is the fact that 
scme surgeons doing open-heart surgery will 
now postpone a case if, for some reason, the 
computer monitoring system is not avail- 
able. 
dealing with creative and sometimes diffi- 
cult new aspects of the world of medicine. 
SUMMARY 
A system has been devised and tested for 
measuring stroke volume, cardiac output, 
heart rate, peripheral resistance, and other 
variables on patients prior to, during, and 
after open-heart surgery which requires only 
the push of a button to initiate the meas- 
urements a t  any time. These calculations 
are made from a transducer recording cen- 
tral arterial pressure and sampled 200 times 
per second by a time-shared digital com- 
puter. 
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* * * 
BE CAREFUL-CHECK YOUR POLICY 
If your  aide drives her own c a r  on e r r ands  f o r  you, i t  i s  extremely 
important  t h a t  you a r e  covered by your insurance policy. This  f a c t  has  
ju s t  been underscored by a court  case in the South. It cost  an employer 
$400,000 when the  clerk he sen t  ou t  for  a piece of equipment,  injured 
others  in a n  accident. A $14-a-year r ider  to your own au to  policy would 
pive you u p  t o  $300,000 of protection aga ins t  such a 
